Protocols used to assess human exposure to chemicals in soils at contaminated sites often include a dermal pathway. Use of default parameters to assess dermal exposure to soil can easily lead to risk projections that appear to warrant remedial action. However, because those default parameters are typically highly uncertain, risk estimates based upon them inspire little confidence. To better characterize assumptions regarding dermal exposures, a telephone survey instrument was developed to elicit information on behaviors relevant to assessment of dermal contact with soil and dust. Participation in four activities-gardening, other yard work, outdoor team sports, and home construction or repair involving digging-was investigated. Questions were also asked regarding clothing choices and post-activity bathing practices. The survey was administered to two populations of approximately 450 adult Ž . respondents each using random digit dialing. The first was a national U.S. sample. The second sample was drawn from counties surrounding the Hanford Nuclear Reservation. Seventy-nine percent of the regional respondents and 89% of the national respondents reported participating in at least one of the four targeted activities. Responses of doers regarding clothing choices suggest that median fractions of skin exposed during warm-weather activities typically exceed the 25% often assumed. The Hanford sample differed from the national sample in the fraction residing in single-family homes, the fraction describing their residential surroundings as rural, and in ethnic makeup. The Hanford population displayed greater rates of participation than the national sample in three activities that have an obvious link to residence in a single-family dwelling: home repair involving digging, gardening, and other yard work, but differences were not explained entirely by residence type. The regional population also reported greater frequency of participation in multiple activities. In contrast, clothing choices among doers could not be distinguished between the two groups.
Introduction
Dermal contact with contaminated soils is a potential pathway for chemical exposure. A 1993 survey of over 200 Superfund risk assessments found that dermal exposure was predicted to be the dominant route of exposure to contaminants in surface soils at 8% of the sites surveyed, Ž . and estimates for relative excess lifetime cancer risk from the dermal-soil pathway exceeded 10 y4 at 16% of Ž . the sites Johnson and Kissel, 1996 . Since cleanup decisions involve tradeoffs between health risks and cleanup costs, good decisions require accurate exposure projections. Lacking empirical data describing duration and extent of contact with soil, risk assessors have traditionally used default inputs based upon professional judgment. To better characterize default assumptions regarding dermal exposures, a telephone survey instrument was developed to elicit information on behaviors relevant to dermal contact with soil and dust. The survey was administered to two populations of approximately 450 respondents each using random digit dialing. One sample was drawn from the population surrounding the Hanford Nuclear Reservation. The other sample was intended to be nationally representative.
Characterization of behavioral parameters required to assess dermal exposure to soil is currently quite limited. Ž . Hawley 1985 based estimates for frequency of contact with soils largely on professional judgment. He assumed an adult may come in contact with soil two times per week for 5 months per year. The U.S. Environmental Protection Ž . Agency EPA cited Hawley's estimate in arriving at a default value for frequency of contact with soils of 40 events per year for a typical adult. An upper estimate of 350 events per year was also offered on the basis of consistency with a prior estimate of opportunity for soil ingestion. With respect to the duration of exposure per event, EPA has stated that ''no actual data could be found Ž on the residence times of soil residues on skin' ' EPA, . 1992 . Based on the assumption that exposure duration probably corresponds to the interval between washings, a Ž . range of 8 to 24 hrs was suggested EPA, 1992 . EPA Ž guidance describes two clothing scenarios EPA, 1990 EPA, , . 1992 . In the 'typical case,' only head and hands are Ž assumed to be exposed approximately 10% of total body . surface area . In the 'reasonable worst case' scenario, the skin area exposed is assumed to include that of the head, Ž hands, forearms and lower legs approximately 25% of . total body surface area . EPA has adopted 25% of total body surface area as a default value for the area of skin Ž . exposed EPA, 1992 . Empirical validation of these default behavioral parameter values is hindered by a lack of information on behaviors specifically related to soil exposures. Previously reported activity pattern studies relevant to exposure assessment include telephone surveys conducted by the Califor-Ž . Ž . nia Air Resources Board CARB CARB, 1991a,b and Ž . the National Human Activity Pattern Survey NHAPS Ž . EPA, 1996 . In each case, interviews were conducted using a 'yesterday' diary approach. Respondents were asked to report the locations and durations of their activities from midnight to midnight on the day previous to the day of the interview. Queries included the occurrence and duration of bathing, showering and hand washing and the occurrence and duration of participation in a variety of activities including some with potential for contact with soil. Diary studies provide estimates of daily activity duration for those respondents engaged in the relevant activity on the diary day, but they may miss infrequent activities and must be supplemented with assumptions in order to estimate duration of exposures to individuals over longer periods of time. In addition, they seldom ask respondents to describe their attire. Therefore, they usually provide no information on the extent of unclothed skin during activities with potential for contact with soil. A telephone diary Ž . survey conducted by Silvers et al. 1994 apparently did include questions related to clothing worn by children when playing outside, but those data have not been pub-Ž . lished. The Soil Contact Survey SCS described below was intended to address some of the questions not answered by prior studies.
Since exposure assessors operate in a generally datapoor environment, they must frequently decide whether to use data drawn from populations that may or may not be representative of the one they are assessing. Producers of activity pattern data have previously reported regional-na-Ž . tional Robinson and Thomas, 1991 and interregional Ž . Silvers et al., 1994 comparisons. Knowledge of the extent to which data may vary geographically is useful to practitioners. Comparisons of responses from the two populations sampled here are therefore routinely included in material presented below.
Methods
During the summer of 1996, the SCS was administered to 901 private residences via computer-aided telephone interviews. The interviews were conducted by the Gilmore Ž . Research Group Seattle, WA using telephone numbers chosen at random from a sample of numbers obtained from Ž . Genesys Sampling Systems Ft. Washington, PA . The area codes, prefixes, and first two digits of the suffix for each number were in the same proportion as existed in the households of the targeted geographic areas. The last two digits were computer-generated. Respondents were identified as any member of the household 18 years of age or older. Two populations were sampled. One consisted of residents of Washington and Oregon from counties within a 50-mile radius of the Hanford Nuclear Reservation. The other sample was designed to be nationally representative. The responses of each population were compared. The null hypothesis in each such comparison presented below is that no significant difference between the national and regional populations exists. With sample sizes of 450, the power to detect with 95% confidence a difference in Ž . proportions of 10% exceeds 0.85 Zar, 1996 .
The survey was divided into five major sections. Interviewers identified themselves as representatives of the Department of Environmental Health at the University of Washington. Additional scripted material regarding funding sources and objectives of the study was provided to prospective respondents if requested. The first survey section elicited information on the incidence and duration or frequency of participation for the adult respondents in four Ž activities in warm-and cold-weather months as defined . by the respondent for the last year. The activities were: gardening, yard work other than gardening, outdoor team sports such as soccer, softball, or football, and home construction or repair projects which included digging. Respondents were asked to recall what they 'usually wore' when engaged in those activities in each season and when they washed their hands or bathed following the activities. The second section of the survey asked those respondents from households with children less than 18 years of age to report on the behavior of the children. Respondents were asked to provide information on the participation of children ages 5 to 17 in three activities in warm-weather months for the last year: outdoor play on bare soil, gardening or yard work, and organized outdoor team sports. For children less than 5 years of age, parents were asked to provide information only on outdoor play on bare soil during warm months. Respondents were also asked to Ž . recall what the children in both age groups usually wore when engaged in the activities and when they washed their hands or bathed following the activities. The third section of the SCS dealt with potential soil exposure resulting from employment. Respondents were asked if any adult Ž . household member worked in one of three categories: 1 Ž . farming or truck gardening; 2 professional gardening, Ž . landscaping or nursery work; or 3 outdoor construction involving digging or trenching. If so, the respondents were asked to report the duration of active involvement, clothing worn, and post-activity hand washing and bathing patterns. The fourth SCS section was composed of miscellaneous questions eliciting information that might be relevant to soil exposures such as the type of floor coverings in the residence, the presence of pets and whether or not shoes were worn in the home. The final survey section provided demographic data. In that section, questions were asked regarding the respondents' age, race, gender, socioeco-Ž nomic status, type of dwelling e.g., single-family home or . Ž apartment and proximity to city centers e.g., rural, subur-. ban or urban . The results reported in the remainder of this paper primarily reflect data gathered in the first and last sections of the survey.
The clothing choices reported in section one of the survey were used to assign percentages for the amount of Ž . total skin area potentially exposed to soil not covered during the four activities of gardening, other yard work, sports and home repair with digging in both cold-and warm-weather months. Percentages of total body surface area were assigned to body parts based on values adopted Ž . from Anderson et al. 1985 . Reported clothing patterns were used to adjust the skin surface percentages. Table 1 presents the percentage of body-surface area that was assumed to be uncovered for each clothing response. For respondents reporting more than one clothing choice for a given activity, the clothing choice that resulted in the greatest percentage of uncovered skin surface area was used.
The amount of time spent in gardening, yard work and active sports was reported as hours per week or hours per month in both cold and warm months. If a respondent provided a weekly estimate, that estimate was multiplied by 4.3 to obtain a monthly estimate. For respondents reporting participation in more than one of these three activities, monthly total activity durations were computed.
Because home repair with digging was assumed to occur less frequently than the other activities investigated, SCS respondents were only asked to report event days per season for both warm-and cold-weather seasons. Ž Statistical analysis was conducted using SPSS version . Ž . 6.1 for Windows Norusis, 1993 . The Lillifors modification of the Kolmogorov-Smirnov test was employed for tests of normality and log-normality. Because assumption of normality could typically not be justified, nonparametric tests were routinely employed. The chi-square test statistics was employed to test for differences in categorical data. The chi-square test for trend was used to test for trends in participation with type of residence or residential area. The Wilcoxon rank sum test was used to provide comparisons of reported activity durations and estimates of percent skin surface area exposed.
Results
Response rates were calculated as the number of completed interviews divided by the sum of the number of completed interviews, the number of refusals, the number of terminated interviews and the number of people who were repeatedly unavailable for interview. Table 2 presents a breakdown of response rates and the results of a comparison by chi-square test. Interviews were completed for 61% of the households in the national sample and for 70% of the households in the Hanford sample. The response rates of the two samples were significantly different. The average length of an interview was 11 min.
Demographic characteristics of and comparisons between the two samples are presented in Table 3 . Statistically significant differences were found between the two samples in four categories: the respondents' ethnic background, type of residential area, type of residence, and level of education. A greater percentage of respondents in the Hanford sample identified themselves as white, while a greater percentage of respondents in the national sample identified themselves as black. The Hanford sample contained more occupants of single-family rather than multifamily housing and more residents of small towns or rural areas as opposed to urban or suburban areas. A greater percentage of respondents to the Hanford survey also reported having spent some time in college. Differences in the age distributions of the two samples were not significant at the 95% confidence level, but were significant at the 90% confidence level. Table 4 summarizes reported rates of participation in the selected activities for the two samples. Within both the national and Hanford samples, yard work other than gardening was the most commonly reported activity, followed by gardening. Fractions well below majorities in either sample reported participating in outdoor team sports or home constructionrrepair with digging. However, most Ž persons 89% of Hanford respondents and 79% of national . respondents reported participating in at least one of the selected activities. Reported rates of participation in individual activities differed significantly between the two samples in all cases except team sports. Table 5 presents distributions of participation in multiple activities. The two populations sampled differ significantly in the number of activities reported. More individuals in the Hanford-vicinity sample reported participating in multiple activities. Thirty-three percent of the Hanford respondents reported participating in three or more activities compared to only 22% of the respondents in the national sample. Forty-two percent of the national sample respondents, but only 26% of the Hanford sample, reported participating in only one activity.
As described in Table 1 , reported clothing choices were used to assign percentages for the fraction of total skin area unclothed. Fifth, 50th, and 95th percentiles of estimates of percent of skin area uncovered for all activities in both warm and cold weather months are presented in Table  6 . Differences in seasonal responses are apparent. Comparison of warm-and cold-weather results by Wilcoxon rank Ž . sum test not shown in Table 6 produced highly signifi-Ž . Ž cant differences p -0.0001 in all eight possible cases 4 . activities= 2 populations . Cold weather responses were dominated by face-only or face and hands only outcomes. When comparisons are made across the two populations, the only activity for which a significant difference in the estimated percent of skin area unclothed was found is yard work other than gardening in cold-weather months. Activity durations among doers of three of the selected activities are displayed in Table 7 . Exposure durations were reported for gardening, other yard work, and outdoor team sports. Table 7 revealed Ž . Ž differences p -0.06 in six of eight cases gardening, . other yard work, and total duration in both populations .
Respondents reporting participation in home construction or repair with digging were only asked to report frequency of such activity in event days in either warm or cold months within the last year. Results are presented in Table 8 . No difference across the two population samples was found. In addition, no difference was found between Bathing and hand-washing patterns among doers are shown in Table 9 . Comparisons were made between the two samples in the interval from the end of the exposure activity until hand washing. Comparisons were also made between the two samples in the interval from the end of the exposure activity until bathing. Hand-washing comparisons were made between the samples using chi-square tests for differences in percentages. The only statistically significant difference in hand-washing patterns was for the activity of home repairrdigging where 12% more of the respondents in the national sample reported washing hands right after completing the activity. Statistically significant differences were found between the two samples for bathing patterns. Following yard work, 16% more of the respondents in the national sample reported bathing within an hour. Following home repairrdigging activities, 18% more of the respondents in the national sample reported bathing within an hour.
Discussion
Telephone responses of adults drawn from national and regional populations regarding participation in selected activities, duration of those activities, clothing worn and post-activity bathing practices were presented above. Results shed light on multiple behaviors of interest to exposure and risk assessors. Risk assessments often incorporate a 'residential' scenario without actually defining residential behavior. Reported participation in the activities tar-Ž geted for study in the SCS is relatively high Tables 4 and  . 5 . Respondents were also asked to name other activities that they associated with soil contact, but that had not been specifically mentioned in the survey. Responses to this inquiry did not reveal any consistent candidates for additional investigation.
Estimates of skin exposed during selected activities presented in Table 6 provide perspective on the default estimate of 25% skin exposed often used in dermal pathway exposure assessment. Median warm weather estimates for the selected activities exceed 25% in each case. Twenty-five percent exposure therefore does not appear to be 'reasonable worst case' if applied to a limited number Ž . Ž e.g., 40 of discrete events. A mitigating factor is that soil loadings are unlikely to be uniform across all exposed . body parts as has traditionally been assumed. Since the median reported total duration of participation in three selected activities is about 15 hrsrmonth, assumption of 40 eventsryear is possible, but perhaps low.
Ž . The bathing patterns Table 9 reported by SCS respondents are of interest because dermal exposure to soil contaminants can reasonably be assumed to continue until the soil is removed from the skin. The duration of exposure of interest should therefore consist of the sum of the durations of the activity causing the soil contact and the interval to bathing that follows the activity. Since soil contact is likely to disproportionately involve the hands, high reported rates of hand washing immediately after activity may be important.
Exposure assessors must often decide whether to attempt to obtain exposure values that are specific to a population being studied or to use otherwise available data drawn from another population. The likelihood of detecting significant differences in exposure factor values across populations is therefore important. This will depend in part upon the method of data gathering being used. Telephone surveys have the advantage of being obtained from relatively large numbers of people at relatively low cost. The Hanford-vicinity and national samples did not differ in reported participation in outdoor team sports, but they did differ in reported participation in yard work other than gardening, gardening and home construction or repair with digging. Demographic differences between the two samples were examined in an attempt to explain the differences in reported participation rates. Statistically significant differences were found between the two samples in the respondents' ethnic background, level of education, Ž . type of residence and type of residential area Table 3 . However, when participation in one or more of the targeted activities was compared by respondents' ethnic back-Ž . ground using chi-square test of 2 = 5 contingency table , no differences were found within either sample. Similarly, no difference in reported participation rates could be attributed to respondents' level of education. Differences in type of residence and type of residential area were associated with differences in reported participation in gardening, yard work and home repairrdigging. In Table 10 , participation in one or more of three activities is compared Ž across type of residence. Team sports were excluded on the basis of results shown in Table 4 and less obvious . connection to residence type. A chi-square test for trend found a significant increase in reported participation rate as type of residence changed from apartment or condominium to duplex or triplex to single family dwelling. This trend was evident in both the Hanford and national samples. In Table 11 , participation in one or more of three activities is compared across different types of residential areas. A chi-square test for trend found a significant increase in reported participation rate as the type of residential area changed from urban to small town to suburban to rural. This trend was also evident for both populations. Residents of single-family dwellings and of small townsr rural areas in each sample population reported 100% participation in at least one of the four activities. Since residence type and area affect reported behavior, a standard definition of the 'residential scenario' should be developed. However, even when comparisons across populations are limited to residents of single-family dwellings or small townsrrural areas, the Hanford sample reported Ž . significantly higher p F 0.01 by chi-square test rates of participation in gardening, other yard work, and home constructionrrepair with digging than did the national sample. Differences ranged from 10% to 16%.
Clothing patterns could not be distinguished between the two populations in any category except yard work Ž . during cold-weather months Table 6 . For this activity, the Wilcoxon rank sum test indicated a significant difference between the two samples even though the medians of the distributions were the same. In that case, the difference between the distributions can be attributed to values in the upper percentiles. Some extreme uncovered skin percent-Ž . ages ) 20% were reported for cold-weather yard work by some of the respondents in the national sample. A majority of these respondents resided in southern states and may define 'cold weather' somewhat differently than the Hanford-vicinity populace.
The magnitude of the observed differences in reported behaviors must be evaluated in light of limitations of telephone surveys and uncertainty in other aspects of dermal soil-contaminant exposure protocols. The survey data presented in this paper are self-reported. Reports of activity duration and clothing patterns are based on subject recall and the ability to sum events over a specified time period. Factors such as the length of the recall period and the salience of the events to be recalled affect the accuracy Ž . of information retrieved from memory. Szalai 1984 has suggested that the fundamental problem in using any type of survey research to measure people's behavior is that time remembered is seldom the same as time lived. Scheuch Ž . 1972 concluded that the occurrence of behavior was the easiest to ascertain accurately, the frequency of behavior was less likely to be recalled accurately, and reports on the duration of behavior were the least accurate. Recent studies which have used repeat surveys to validate activity recall questionnaires have reported item correlation coeffi-Ž . cients in the range of 0.5 Pols et al., 1997 . Previous studies have also found bias in reporting toward more Ž . socially desirable responses Sudman and Bradburn, 1974 . The interval of time following the exposure activity until hand washing or bathing reported by some SCS respondents may have been influenced by those respondents' perceptions of the social desirability of cleanliness. Since verification of the behavior reported in activity surveys through comparison with an external standard is seldom feasible, results generated by activity surveys, including Ž the SCS, must be interpreted with caution Robinson, . 1977; Juster, 1985 . The potential for nonresponse errors must also be considered. The national sample produced a lower response Ž . rate attributable to a higher refusal rate . This is consistent with the other studies that have found that samples drawn from urban areas produce lower response rates for surveys Ž . Groves, 1989 . Errors from nonresponse are a function of the nonresponse rate and the difference between nonrespondents and respondents to the survey. Characterization of the latter is inherently problematic due to a lack of measures that can be taken on nonrespondent cases Ž . Groves, 1989 . Table 12 presents 1990 U.S. census data and SCS data for the national and Hanford-vicinity populations. Comparisons by gender, age, and race are shown. However, several demographic categories were not compared because the census and the SCS did not obtain the same Ž information for these categories i.e., the wording of the questions or the response categories were not directly . comparable .
Given the uncertainties outlined above, comparison with previous studies would be desirable. However, in this case, this is difficult because no prior studies have specifically targeted soil contact and few previous studies have attempted comparisons of activity patterns between regional Ž . and national populations. Robinson and Thomas 1991 Ž . compared data from the CARB 1991a survey, Activity Patterns of California Residents, to a 1985 national study, Americans' Use of Time. The comparisons were made by grouping respondents' diary activities into 10 major activity categories. When these general activity categories were compared, Robinson and Thomas found similar patterns of Ž . behavior for the two samples. Hill 1985 used data from diary reporting to examine variation in patterns of time use in the United States across region, season and demography. Hill found little variation in time spent in outdoor activities for people living in different regions of the country. However, because the regional areas compared were large and of comparable population, differences may have been obscured. In this case, the total population of the counties from which the regional population was drawn was 565,000, roughly 0.2% of the national population. Nevertheless, differences in responses were relatively small.
Integration of SCS data with soil adherence data from Ž . field studies Kissel et al., 1996; Holmes et al., in press to produce probabilistic descriptions of soil contact rates is now possible, but was considered beyond the scope of this paper. Those results will be presented in a subsequent publication.
